ABSTRACT
Introduction

56
Retinal hemorrhage is an important finding on fundus photography, because severe retinal 57 hemorrhage may damage retinal tissue and impair vision. Diabetes mellitus is a well-known 58 cause of retinal hemorrhage, but the association between diabetes mellitus and the risk of 59 retinal hemorrhage is unclear. Epidemiological studies have examined the association 60 between hemoglobin A1c (HbA1c), hemoglobinA1, plasma glucose level and duration of 61 diabetes mellitus and the risk of diabetic retinopathy, which includes retinal hemorrhage (1-5). 62 However, these studies did not specifically focus on retinal hemorrhage. 63 The aim of the present study was to investigate the association between 64 HbA1c and the risk of retinal hemorrhage in order to develop prevention strategies for retinal 65 hemorrhage at the population level. We included all retinal hemorrhages and retinal 66 hemorrhages suspected to be caused by diabetes mellitus (diabetic retinal hemorrhage) as 67 outcomes. We also investigated the association between cardiovascular risk factors and the 68 risk of retinal hemorrhage. We analyzed the data from annual health check-ups for Japanese 69 residents and workers. 
Material and Methods
72
Study subjects
73
Study subjects consisted of Japanese residents and workers between 30 and 78 years of age 74 (mean age; 49.0 years). The residents were from two communities that participated in the 75 Circulatory Risk in Community Study (CIRCS) (6) in Ikawa, Akita Prefecture and the 76 Minami-Takayasu district of Yao city, Osaka Prefecture. The workers were employees of 20 77 companies in Osaka Prefecture. At baseline, there were 18,478 subjects, including 7,020 78 residents and 11,458 workers. We excluded 1,100 subjects who did not undergo fundus 79 photography and 160 individuals who were diagnosed with retinal hemorrhage caused by 80 diabetes mellitus or hypertension at the time of the first cardiovascular disease risk survey.
81
HbA1c was not determined in 39 subjects, who were also excluded from the analysis. In 82 addition, 4,618 subjects were excluded because they only underwent a single health check-up.
83
Of the remaining 12,561 subjects, we used the data from 11,644 subjects (6,999 males and 84 4,645 females; 4,834 residents and 6,810 workers) (Supplemental Table 1 
Statistical Analysis
138
The follow-up period extended from the day of the first cardiovascular disease risk survey found no significant relationships. We present the combined data (P for interaction=0.45 for 163 sex, P for interaction=0.14 for background status).
164
SAS software (version 9.3, SAS Institute Inc., Cary, NC) was used for all analyses.
165 Two-sided P values < 0.05 were considered statistically significant and P values between 166 0.05 and 0.10 inclusive were considered borderline significant.
Results
168
During a median follow-up period of 4.6 years for 11,644 subjects, 509 cases of retinal 169 hemorrhage were diagnosed, including 96 cases of diabetic retinal hemorrhage. Table 1   170 shows the number of cases stratified by use of medication for diabetes mellitus at baseline.
171
The median follow-up for subjects who developed retinal hemorrhage was 3.1 years, 172 compared to 4.8 years for those who did not have retinal hemorrhage.
173 Table 2 shows the characteristics of subjects at the baseline cardiovascular 174 disease risk survey stratified by use of medication for diabetes mellitus. Among subjects not 175 taking medication for diabetes mellitus at baseline, those with baseline HbA1c ≥8.1% were 176 older, had higher BMI, and there was a higher proportion of current smokers, higher systolic 177 blood pressure, higher serum LDL cholesterol, and lower HDL cholesterol, compared to 178 subjects whose baseline HbA1c was <5.7 %. Among subjects on medication for diabetes 179 mellitus at baseline, subjects with baseline HbA1c ≥8.1% were younger than subjects whose 180 baseline HbA1c was <5.7 %. Of course, the mechanism is unknown, but these findings imply that the prevention of retinal hemorrhage is similar to the prevention of stroke, especially intraparenchymal hemorrhage, 245 which is due to arterial necrosis and associated with susceptibility to arterial wall rupture 246 (10).
181
247
The methodology of the present study had certain strengths. 
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